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CROSS-REFERENCE TO RELATED APPLICATIONS 

Embodiments of the present invention claim priority from a U.S. Provisional 
Application entitled "Method and System for Non- Vascular Sensor Implantation," Serial No. 
y: 60/335,627, filed October 23, 2001, the contents of which are incorporated by reference herein. 
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1 . Field of the Invention 

The present invention relates to the field of in vivo sensors and, in particular, to in 
vivo sensors that are implanted in non-vascular areas of the body. 
P 2. Description of Related Art 

Traditional methods of physiological parameter sensing typically rely on vascular 
placement of a physiological parameter sensor. Such placement permits a sensing element such 
25 as, for example, a biomolecule, to make direct contact with the blood, providing sensing 

capabilities of blood components. Such sensing capabilities have greatly facilitated analysis, 
diagnosis and treatment of many debilitating diseases and medical conditions. 

However, vascular placement of a physiological parameter sensor may suffer 
from several disadvantages. A physiological parameter sensor is not inserted into a vein without 
30 great difficulty and painstaking effort by an attending physician. Moreover, a physiological 
parameter sensor is not adjusted within or extracted from a vein without similar difficulty and 
effort. 
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Furthermore, vascular placement of a physiological parameter sensor subjects the 



sensor to a constant fluid environment. Such an environment may have several detrimental 
effects on the sensor. Due to constant fluidic contact, the sensor may suffer from decreased 
sensitivity, stability and effective life. Should a characteristic of the sensor be diminished to an 
5 extent rendering the sensor ineffective, the sensor must be removed and replaced, introducing the 
difficulties for both patient and physician associated with such removal and replacement. To 
complicate matters, every time a physiological parameter sensor is removed and replaced, it must 
be disconnected and reconnected to an implant unit utilizing the sensor output. 



10 implantation of physiological parameter sensors, integrated sensor/implant unit systems have 
been developed. Such systems may be placed in or near a body cavity and may provide non- 
vascular sensing of physiological parameters. However, the incision required for such 
jr sensor/implant unit systems is relatively large and the trauma in the area of implantation can be 

D significant. Such trauma generally prevents sensing of physiological parameters. Because such 

hJ 

%5 trauma may not subside for several weeks or a month or even longer, pre-implantation analysis 

31 methods used by the patient must continue. Without continuation of preimplantation analysis 

fU 

%J methods, a patient may go undiagnosed and untreated for many weeks, possibly even a month or 

J\ longer. Such delay in treatment and diagnosis could be harmful or even fatal for patients who 

[U need daily diagnosis and treatment. 



Embodiments of the present invention relate to systems and methods for non- vascular 
sensor implantation. 

A method for non-vascular implant of a sensor may include implanting an implant unit in 
25 an area of a body; allowing a foreign body capsule to form around the area of the implant unit; 
and directing the sensor into the foreign body capsule. 

Implanting an implant unit may include incising an area of the body large enough for the 
implant unit. Allowing a foreign body capsule to form may comprise inserting materials around 
the implant unit to promote growth characteristics. A material may be placed around the implant 
30 unit for promoting growth characteristics. The implant unit may include electronics and/or a 



In an effort to assuage some of the disadvantages associated with vascular 
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pump. The electronics may be sensor electronic or other electronics. The electronics may be 
integrated with the pump or may be mutually exclusive from the pump. 

The sensor may be attached to the implant unit. The sensor may be attached to the 
implant unit prior to formation of the foreign body capsule or may be attached to the implant unit 
subsequent to formation of the foreign body capsule. 

The method may further include incising an area of the body large enough for the sensor. 
The incised area of the body large enough for the sensor is smaller than an incised area of the 
body large enough for the implant unit. 

A method for non-vascular implant of a sensor may also include incising an area of a 
body large enough for inserting an implant unit; incising an area remote from a sensor location 
for inserting a sensor; directing the sensor into a body cavity; connecting the sensor to the 
implant unit; and inserting the implant unit into the body. The method may further include fixing 
the sensor in place using suture. The implant unit may be inserted into a pocket formed when 
incising an area of the body large enough for inserting the implant unit. 

Systems for non-vascular implant may include an implant unit for delivering drug to a 
human body and a sensor for detecting a physiological parameter. The sensor may be separate 
from and connectable to the implant unit and the sensor is placed in a non-vascular area of the 
human body. 

The implant unit may include a pump and/or electronics. The drug delivered by the 
implant unit may be insulin. The sensor may include a biomolecule, a lead and a sensing 
element. The sensing element may be a biomolecule and the biomolecule may be a glucose 
oxidase enzyme. The physiological parameter sensed may be oxygen or glucose. The non- 
vascular area of the human body where the sensor is placed may be the peritoneum or 
subcutaneous tissue. 

Embodiments of the present invention may also include a method for non-vascular 
implant of a sensor including incising an area of a body large enough for inserting an implant 
unit; creating a tunnel in subcutaneous tissue; directing the sensor through the tunnel; connecting 
the sensor to the implant unit; and inserting the implant unit into the body. The tunnel may be 
created using a blunt instrument such as, for example, a trocar, or other blunt instrument which 
causes trauma to the subcutaneous tissue. 
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These and other objects, features, and advantages of embodiments of the invention will 
be apparent to those skilled in the art from the following detailed description of embodiments of 
the invention when read with the drawings and appended claims. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 shows a general position of an implant unit and a sensor in the human body 
according to an embodiment of the present invention. 
10 Figure 2 shows a generalized implant unit and a sensor according to an embodiment of 

the present invention. 

M= Figure 3 A shows a process for making a non-vascular placement of a sensor into a 

q foreign body capsule according to an embodiment of the present invention 

Figure 3B shows a process for making a non-vascular placement of a sensor into a body 
QP5 cavity such as, for example, the peritoneal space, according to an embodiment of the present 

ru 

^ ; invention. 

a Figure 3C shows a process for making a non- vascular placement of a sensor into 

fy subcutaneous tissue according to an embodiment of the present invention. 

ni 

Lfi Figure 4 shows a biopsy trocar used according to an embodiment of the present 

©0 invention. 

Figure 5 A shows glucose data over a period of several days for a sensor implanted into a 
foreign body capsule according to an embodiment of the present invention. 

Figure 5B shows glucose data over a period of several days for a sensor implanted into 
subcutaneous tissue according to an embodiment of the present invention.. 
25 Figure 5C shows glucose data over a period of several days for a sensor implanted into a 

body cavity such as a peritoneal space according to an embodiment of the present invention. 

DETAILED DESCRIPTION 
In the following description of preferred embodiments, reference is made to the 
30 accompanying drawings which form a part hereof, and in which are shown by way of illustration 
specific embodiments in which the invention may be practiced. It is to be understood that other 
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embodiments may be utilized and structural changes may be made without departing from, the 
scope of the preferred embodiments of the present invention. 

Figure 1 shows a general placement of an implant unit 10 and a sensor 12 in the 
human body according to an embodiment of the present invention. The implant unit 10 may be 
5 placed into a human body in a variety of locations such as, for example, adjacent to the 

abdominal cavity 14, or in other locations such as, for example, the spinal cavity or chest cavity. 
A sensor 12 connecting to the implant unit 10 may be located in the peritoneum 13, the 
membrane lining the abdominal cavity and connecting and supporting internal organs; in 
subcutaneous tissue 13, i.e., tissue beneath the skin; in a foreign body capsule; or in another area 
10 of the body. For example, the sensor 12 may be implanted into the shoulder area . 

The implant unit 10 may contain electronics for data acquisition, data storage, 
M= data processing or other functions as may be required for physiological parameter sensing. In 
S addition, the implant unit 10 may also contain, for example, a drug delivery system including a 
W drug reservoir and a pumping mechanism to move a drug from the reservoir to a patient through, 
gii5 for example, a delivery catheter. The sensor 12 may sense a variety of physiological parameters, 
j/t For example, the sensor 12 may sense glucose and oxygen and may be used in connection with 
- the implant unit 10 to pump insulin for diabetics. 

pu Figure 2 shows a generalized implant unit 10 and a sensor 12 according to an 

embodiment of the present invention. The implant unit 10 and the sensor 12 are not integrated. 

£20 They are discreet devices and may or may not be used independently of one another. The implant 

y. 

unit 10 and the sensor 12 may be used in conjunction with one another and may be inserted into 
a patient at separate times. The ability to insert the implant unit 10 and the sensor 12 into a 
patient at different times gives physicians and patients enhanced flexibility when implanting the 
devices. 

25 As can be seen in Figure 2, the sensor 12, according to an embodiment of the 

present invention, includes a connector 18, a sensor lead 20 connected to the connector at one 
end, and a sensing element 22 connected to the sensor lead 20 at another end. Thus, the sensing 
element 22 of the sensor 12 may be located away from the implant unit 10 which, as will be seen 
shortly, offers enhanced functionality in sensing physiological parameters. 

30 As shown in Figure 2, according to an embodiment of the present invention the 

implant unit 10 may include a receptacle 16 for accepting the connector 18 portion of the sensor 
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12. Also, the sensor lead 20 is not limited to any particular length. For example, the sensor lead 
20 may be approximately nine inches long, permitting the sensing element 22 to be 
approximately nine inches from the implant unit 10. However, the sensor lead 20 may be longer 
or shorter than nine inches depending on the application and the particular placement of the 
5 sensing element 22 desired. 

Also, the implant unit 10 may include its own lead that connects to the sensor lead 
20. Thus, rather than connecting the sensor lead 20 to the receptacle 16, the sensor lead 20 may 
connect to an implant unit lead. 

Figure 3 A shows a process for making a non- vascular placement of the sensor 12 
10 into a foreign body capsule according to an embodiment of the present invention. At step 30, a 
large incision may be made in the body at a desired or convenient location for the implant unit 
10. While making the incision of step 30, a pocket may be made in the subcutaneous tissue that 
is large enough to support the implant unit 10. At step 32, the implant unit 10 may be inserted 
hi into the subcutaneous tissue pocket. The pocket may then be closed. 

j|j5 Once the implant unit 10 has been inserted into the subcutaneous tissue pocket 

FU and the pocket has been closed, the implant unit 10 may be left in the body for a period of time 
s long enough that a foreign body capsule forms around the implant unit 10. The implant unit 10 
jr! . may need to be left undisturbed in its position in the body for up to several weeks, a month, or 
ftj longer in order to allow the foreign body capsule to form. The foreign body capsule is made up 
r|0 of scar tissue, primarily collagen and fibrin. 

^ During the period when the foreign body capsule is forming, a sensor 12 may or 

may not be attached to the implant unit 10. If a sensor 12 is not attached to the implant unit 10, it 
may still be possible to use the implant unit 10 in an open-loop configuration. For example, if 
the implant unit 10 contains telemetry circuitry, it may be possible to communicate with the 

25 implant unit 10 form a remote location. For example, if the implant unit 10 is an insulin pump, 
and no sensor 12 is attached to the implant unit 10 during the period in which the foreign body 
capsule is forming around the implant unit 10, the patient may still analyze his or her insulin 
levels by traditional methods, such as, for example, using a home analysis system to take a blood 
sample and analyze the levels of insulin in the blood. If it is determined that the patient needs a 

30 dosage of insulin, and if the insulin pump which has been placed into the patient's body is 
equipped with telemetry electronics, the patient may communicate with the insulin pump 
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telemetrically using a portable transmitting unit and command the pump to deliver a dosage of 
insulin. Thus, the patient may begin to immediately use the insulin pump, without having a 
sensor 12 attached to the pump, in an open-loop configuration. Thus, using embodiments of the 
present invention, there is no need to wait for the foreign body capsule to form around the 
5 implant unit 10 before making use of the implant unit 10. 

An oxygen sensor may be used in the vicinity of the foreign body capsule to 
determine if the foreign body capsule has formed and the area has healed. Generally, no oxygen 
will be detected during formation of the foreign body capsule. 

Once the foreign body capsule has formed around the implant unit 10, at step 34 a 
10 small incision may be made in the vicinity of the implant unit 10 pocket allowing access to the 
receptacle 16 of the implant unit 10. If a sensor has been previously connected to the implant 
unit 10, it may be disconnected at this time. After the small incision has been made and any 
H s previously connected sensors have been disconnected from the implant unit, at step 36 the sensor 
p 12 may be directed into the foreign body capsule. The sensing element 22 may be introduced 
^5 into the foreign body capsule surrounding the implant unit through the small incision made at 
ffi step 34. The sensing element 22 may be placed within the foreign body capsule. The connector 
C\ 18 may reside in the subcutaneous pocket created for the implant unit 10 by the body. 
2 In addition, a silicone plug may be used to plug the receptacle so that it remains 

fU open during the period of time the foreign body capsule is forming around the implant unit. If a 
L20 silicone plug has been inserted into the receptacle 16, it may also be removed at this time. 
□ At step 38, the sensor 12 may be connected to the implant unit 10 at the receptacle 

16 on the implant unit 10 designed for connecting to the sensor 12 by connecting the connector 
18 to the receptacle 16. Once the sensor 12 has been connected to the implant unit 10, the small 
incision may be closed at step 40. At this point, the implant unit 10 and the sensor 12 may be 
25 used in a closed-loop configuration. For example, if the implant unit 10 is an insulin pump and 
the sensing element 22 of the sensor 12 contains a glucose oxidase enzyme for sensing glucose 
and oxygen in order to determine insulin levels in the patient, the glucose and oxygen levels and, 
consequently, the insulin levels in the patient may be determined by the sensing element 22 in 
the foreign body capsule. Vascular placement of the sensor 12 is not required. 
30 Figure 3B shows a process for making a non- vascular placement of the sensor 12 

into a body cavity such as, for example, the peritoneal space, according to an embodiment of the 
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present invention. At step 50, a large incision may be made in the body at a desired or 
convenient location for the implant unit 10. While making the incision of step 50, a pocket may 
be made in the subcutaneous tissue above the cavity to be used that is large enough to support the 
implant unit 10. 

5 After the large incision has been made for the implant unit 10 at step 50, at step 

52 a small incision may be made in a muscle wall of the cavity such as, for example, the 
peritoneal space, for allowing implantation of the sensor 12. The small incision may be far or 
remote from final placement of the sensor 12. After the small incision has been made, at step 54 
the sensor 12 may be directed into the cavity. The sensing element 22 may be introduced into 
10 the cavity through the small incision made at step 52. The connector 18 may reside in the 
subcutaneous pocket created for the implant unit 10 by the body. 

At step 56, the sensor 12 may be connected to the implant unit 10 at the receptacle 
16 on the implant unit 10 designed for connecting to the sensor 12 by connecting the connector 
q 18 to the receptacle 16. Once the sensor 12 has been connected to the implant unit 10, at step 58 
4f5 the implant unit 10 may be inserted into the subcutaneous tissue pocket created at step 50. After 
m the implant unit 10 has been inserted into the subcutaneous tissue pocket, the pocket may be 

HI 

LI closed at step 60. As before, at this point the implant unit 10 and the sensor 12 may be used in a 
n closed-loop configuration. 

fy Figure 3C shows a process for making a non- vascular placement of the sensor 12 

lip into subcutaneous tissue according to an embodiment of the present invention. At step 70, a 
□ large incision may be made in the body at a desired or convenient location for the implant unit 
10. While making the incision of step 70, a pocket may be made in the subcutaneous tissue 
above the cavity to be used that is large enough to support the implant unit 10. 

After the large incision has been made for the implant unit 10 at step 70, at step 
25 72 a small tunnel may be made for the sensor at the edge of pocket created for the implant unit 
10. An incision for the tunnel may be made far or remote from final placement of the sensor 12. 
The tunnel may be made using a blunt, minimally traumatic tissue implant. The sensor 12 may 
be tunneled through the subcutaneous tissue by starting at an edge of the implant unit 10 pocket 
and tunneling into the subcutaneous tissue parallel to the skin. It may be desirable to stay within 
30 the subcutaneous tissue while tunneling. If the blunt, minimally traumatic tissue implant device 
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used includes an introducer, the introducer may be left in the subcutaneous tissue while the 
remaining portion of the blunt, minimally traumatic tissue implant device may be removed. 

After the tunnel has been made, at step 74 the sensing element 22 of sensor 12 
may be directed into the introducer of the blunt, minimally traumatic tissue implant device. The 
5 connector 18 may reside in the subcutaneous pocket created for the implant unit 10 by the body. 
If it is desired that the sensor be fixed in its location, suture tabs such as, for example, those used 
on pacing leads or long term catheters may be used. 

At step 76, the sensor 12 may be connected to the implant unit 10 at the receptacle 
16 on the implant unit 10 designed for connecting to the sensor 12 by connecting the connector 
10 18 to the receptacle 16. Once the sensor 12 has been connected to the implant unit 10, at step 78 
the implant unit 10 may be inserted into the subcutaneous tissue pocket created at step 70. After 
the implant unit 10 has been inserted into the subcutaneous tissue pocket, the pocket may be 
closed at step 80. As before, at this point the implant unit 10 and the sensor 12 may be used in a 
Q closed-loop configuration. 

5 . S 

; 1£5 The blunt, minimally traumatic tissue implant device used to tunnel the sensor 12 

£p into a subcutaneous region may be a biopsy trocar 90 shown generally in Figure 4. As shown in 

m 

Figure 4, the biopsy trocar 90 includes an introducer 92 into which the main body 94 of the 
f trocar 90, having a sharp end 100, and a secondary body 96 of the trocar 90, having a blunt end 
ry 98, may be inserted. The introducer 92 may be made of plastic while the main body 94 and the 
;^0 secondary body 96 may be made of metal. The secondary body 96 having the blunt end 98 may 
be inserted into the main body 94 having the sharp end 100, and both the secondary body 96 and 
the main body 94 may be inserted into the introducer 92. All three portions of the trocar 90 may 
then be tunneled into the subcutaneous tissue. The sharp end 100 of the main body 94 of the 
trocar 90 may make an initial incision, while the blunt end 98 of the secondary body 96 may 
25 tunnel through the subcutaneous tissue. By tunneling through the subcutaneous tissue with the 
blunt end 98 of the secondary body 96, less damage occurs to the subcutaneous tissue than would 
occur if the subcutaneous tissue were tunneled with the sharp end 100 of the main body 94, 
resulting in less bleeding and less trauma to the tissue and the patient. Once the end of the trocar 
90 has reached the desired location for the sensing element 22 of the sensor 12, the main body 94 
30 and the secondary body 96 are removed from the introducer 92. The sensor 12 is then guided 
through the introducer 92 so that the sensing element 22 eventually arrives at its desired location. 
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The introducer 92 may then be removed from the body and the connector 18 may then be 
connected to the implant unit 10. Because the sensing element 22 of the sensor 12 is not located 
in the vicinity of the main incision that was made to insert the implant unit 10, the difficulties 
associated with obtaining a signal from the sensing element 22 due to the trauma of the area are 
5 avoided. Because the sensing element 22 is located away from the implant unit 10 incision, there 
is nothing to prevent obtaining a signal from the sensing element 22 in a very short period of 
time. For example, after the sensor 12 has been tunneled into the subcutaneous tissue and 
connected to the implant unit 10, it may possible to obtain a signal from the sensing element 22 
within 24 hours of sensor 12 placement. Thus, for example, if the implant unit 10 is an insulin 
10 pump and the sensing element 22 of the sensor 12 is a glucose oxidase enzyme for sensing 
insulin levels in diabetics, automated insulin analysis and insulin delivery in a diabetic patient 
may be feasible within 24 hours of in vivo implantation of the implant unit 10 and the sensor 12. 
M If so desired, a variety of materials may be placed around the implant unit 10 or 

q sensor 12 to promote different characteristics of the foreign body capsule or sensor area. For 
%£5 example, if it is desired to grow more blood vessels in the area of the foreign body capsule or 
yl sensor 12, the implant unit 10 or sensor 12 may be covered with GORE-TEX or PTFE. Other 
\1 materials may also be used to cover the implant unit 10 or sensor 12 depending on the nature of 
the characteristics of the foreign body capsule or area around the sensor 12 desired. In addition, 
fij various chemicals may be pumped into the area of the foreign body capsule in order to promote 
•Jo different characteristics of the foreign body capsule, such as, for example, blood vessel growth. 
□ The sensor 12 may be inserted into the body by tunneling into a subcutaneous 

region using a biopsy trocar 60 shown generally in Figure 5. As shown in Figure 5, the biopsy 
trocar 60 includes an introducer 50 into which the main body 52 of the trocar 60, having a sharp 
end 58, and a secondary body 54 of the trocar 60, having a blunt end 56, may be inserted. The 
25 introducer 50 may be made of plastic while the main body 52 and the secondary body 54 may be 
made of metal. The secondary body 54 having the blunt end 56 may be inserted into the main 
body 52 having the sharp end 58, and both the secondary body 54 and the main body 52 may be 
inserted into the introducer 50. All three portions of the trocar 60 may then be tunneled into the 
subcutaneous tissue. The sharp end 58 of the main body 52 of the trocar 60 may make an initial 
30 incision, while the blunt end 56 of the secondary body 54 may tunnel through the subcutaneous 
tissue. By tunneling through the subcutaneous tissue with the blunt end 56 of the secondary 
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body 54, or for that matter, any device which is used for minimally traumatic implantation, less 
damage occurs to the subcutaneous tissue than would occur if the subcutaneous tissue were 
tunneled with the sharp end 58 of the main body 52, resulting in less bleeding and less trauma to 
the tissue and the patient. Once the end of the trocar 60 has reached the desired location for the 
5 sensing element 22 of the sensor 12, the main body 52 and the secondary body 54 are removed 
from the introducer 50. The sensor 12 is then guided through the introducer 50 so that the 
sensing element 22 eventually arrives at its desired location. The introducer may then be 
removed from the body and the connector 18 may then be connected to the implant unit 10. 
Because the sensing element 22 of the sensor 12 is not located in the vicinity of the main incision 
10 that was made to insert the implant unit 10, the difficulties associated with obtaining a signal 
from the sensing element 22 due to the trauma of the area are avoided. Because the sensing 
element 22 is located away from the implant unit 10 incision, there is nothing to prevent 
obtaining a signal from the sensing element 22 in a very short period of time. For example, after 
O the sensor 12 has been tunneled into the subcutaneous tissue and connected to the implant unit 
"35 10, it may possible to obtain a signal from the sensing element 22 within 24 hours of sensor 12 
5 1 placement. Thus, for example, if the implant unit 10 is an insulin pump and the sensing element 
%A 22 of the sensor 12 is a glucose oxidase enzyme for sensing insulin levels in diabetics, automated 
J\ insulin analysis and insulin delivery in a diabetic patient may be feasible within 24 hours of in 

Pj vivo implantation of the implant unit 10 and the sensor 12. 

ru 

120 The implant unit 10 and the sensor 12 are modular units and may connect to each 

J*f other via a mechanical interface. Because of the modularity of the implant unit 10 and the sensor 
12, the sensor 12 may be removed or replaced without removing the implant unit 10. Thus, due 
to the small size of the sensor 12, only a small incision is required and trauma to the patient is 
minimized. No large incision is necessary to remove the implant unit 10 unless the implant unit 
25 10 itself needs to be removed or replaced. 



5B and 5C. In FIG. 5A, glucose data over a period of several days for a sensor implanted into a 
foreign body capsule may be seen. In FIG. 5B, glucose data over a period of several days for a 
sensor implanted into subcutaneous tissue may be seen. In FIG. 5C, glucose data over a period 
30 of several days for a sensor implanted into a body cavity such as a peritoneal space may be seen. 



Data for sensors used in glucose sensing applications may be seen in FIGS. 5 A, 
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While particular embodiments of the present invention have been shown and 
described, it will be obvious to those skilled in the art that the invention is not limited to the 
particular embodiments shown and described and that changes and modifications may be made 
without departing from the spirit and scope of the appended claims. 
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